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Background: An instrument was developed in Canada to assess impairments related to oral functioning of
individuals with four years of age or older with Down syndrome (DS). The present study attempted to carry out the
cross-cultural adaptation and validation of the instrument for the Brazilian Portuguese language and to test its
reliability and validity.
Findings: After translation and cross-cultural adaptation, the instrument was tested on caregivers of people with
DS. Clinical examination for malocclusion was carried out in people with DS by two calibrated examiners. Inter and
Intra examiner agreement was assessed by Intraclass Correlation Coefficient (ICC) and ranged from 0.92 to 0.97
respectively. Total of 157 people with DS and their caregivers were able to compose the sample. They were
selected from eight institutions for people with DS in five cities of southeastern Brazil. The mean age of people
with DS was 20.7 [±13.1] and for caregivers was 53.1 [±13.7]. The mean instrument score was 18.6 [±9.0]. Internal
reliability ranged from 0.49 to 0.80 and external reliability ranged from 0.78 to 0.88. Construct validity was verified
by significant correlations identified between malocclusion and the total instrument; and caregivers’ educational
level and the instrument (p<0.05). Discriminant validity was proved as the instrument presented different mean
comparing people with DS and non-DS (p<0.05).
Conclusions: Initial validity tests indicated that the instrument related to the oral health for people with DS may be
a valid instrument to this segment of the population in Brazil.
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The person with Down Syndrome (DS) presents with
some special characteristics that may affect the oral
functioning [1-3]. The muscular hypotonia and the re-
spiratory infections may increase malocclusion prevalence
in this individuals [2,4]. As their motor coordination is
affected, the oral hygiene performance is hindered [3,5].
Oliveira et al. [3] developed a study with 112 Brazilian
children and adolescents with DS and found 33.0% of the
sample exhibited anterior crossbite, 21.0% with anterior* Correspondence: anacboliveira@yahoo.com.br
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reproduction in any medium, provided the oropen bite and 31.0% with posterior crossbite. Brazil is esti-
mated to have about 300,000 people with DS.
The malocclusion leads to physical and emotional dis-
comfort and may influence negatively the individuals’
quality of life [1-5]. Concerning children and people with
intellectual disabilities even their caregivers’ life can be
affected [2,6]. The expected limitations of people with
DS added with any health problem seems to increase
their parents perceived stress and work absenteeism as
decrease their perceived health.
Assessment of the oral health in people with intellec-
tual disabilities can be performed by trained profes-
sionals using a sort of valid indexes. Most of the oral
health indexes are assessed by clinical examination thatral Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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duals’ lower capacity of understanding and the staff lim-
itations to lead with special needs [1,3-5,7,8].
Specifically to evaluate the oral health of people with
DS, a questionnaire was developed and validated firstly
to be applied in Canadian English-speaking caregivers.
The instrument assesses some impairment related to
oral functioning of people with DS by the report of their
caregivers [1,7].
The aim of this study was to perform the translation
and cross-cultural adaptation of the oral functioning im-
pairment instrument for people with DS for the Brazilian
Portuguese language by examining its psychometric
properties and validity.
Method
Description of the oral functioning impairment
instrument for people with DS
The instrument is specific to people with DS aged from
four-years-old or more [7]. The 20 items addressed the
frequency of events in the past three months. The items
are distributed into four categories of functional impair-
ment: eating, communication, oral parafunction and oral
symptoms.
Responses are proposed to be answered in a four-point
rating categories. The score is computed by summing all
of the categories. Since there were 20 items the final
scores can vary from 0 to 60 for which a lower score
denotes a better oral health [7].
Translation and cross cultural adaptation of the
instrument
In order to make the instrument comprehensible to the
Brazilian population, it was firstly submitted to transla-
tion and cross-cultural adaptation [9,10].
Based on standard recommendations, translation was
performed by three independent translators to achieve
the meaning equivalence. One of them was a native
English speaker fluent in Portuguese. The second one
was a Brazilian fluent in English. Both of them were
English teacher in Brazil. The third translator was a
Brazilian dentistry fluent in English. All of them made
independent translations.
The semantic equivalence was then performed and
this consensus version was discussed with five mothers
of people with DS in separate who suggested some word
alterations and a format alteration. After this analysis a
second synthesis version was obtained.
For the determination of conceptual and item equiva-
lence, a group of experts evaluated this version and
compared it to the original. This group consisted of a
General clinician, a Psychologist, a Social worker, a
Teacher, an Occupational therapist, a Dentist and a Pho-
noaudiologist. The functional equivalence was obtainedfrom this process. A third synthesis version was devel-
oped as a result of this process.
This final version was then translated back into Eng-
lish by two independent native English-speaking transla-
tors who were blind to the original English version, as a
second step to obtain the content equivalence. These
two back-translated English versions were compared and
a fourth synthesis version was developed by another
Dentist and it was called the Back-translated version. To
determine semantic equivalence, the author of the ori-
ginal instrument compared the back-translated version
with the original version and found no need for changes.
The aim of this step was to achieve a "similar effect" on
respondents who speak those different languages
(English and Portuguese). The steps of this process are
presented in Figure 1. Next the questionnaire was tested
for its psychometric properties in the target population.
Assessment of reliability and validity of the Brazilian
version of the instrument
A convenience sample was selected from eight support
entities for people with disabilities from five cities in the
region of southeastern Brazil. Only people with DS aged
from four years or more and their caregivers were
included [7].
The study received the approval by the Human
Research Ethics Committee of the Federal University of
Minas Gerais state.
'Total of 191 participants (people with DS and their
caregivers) fulfilled inclusion criterion but 22 pairs of
them were excluded to compose a sample for testing
clinical calibration. The people with DS were not accom-
panied by their caregivers were excluded. No patient
with a prior history of orthodontic treatment was found.
Thus, 169 people with DS and their caregivers were
included in the study. Considering the caregivers, 157 of
them returned the questionnaire at least once (response
rate = 92.3%). Data were collected from this total sample
of 157 people with DS, of both sexes, and their care-
givers. The caregivers received the questionnaire to be
self-completed at home. In the cases when the caregiver
was illiterate, the entities provided support staff to help
them. The time taken for completion of the instrument
was 20 to 30 minutes.
A total of 84 respondents were excluded for test-retest
reliability because they could not be contacted in order
to answer the questionnaire a second time. Of the total
caregivers included, fifty seven completed the question-
naire twice whiting a two-week interval and provided
data for the assessment of the test-retest reliability (re-
sponse rate = 78.1%).
To assess the construct validity of the Brazilian version
of the instrument, it was necessary to verify how well the
measures the underlying construct being investigated.
Figure 1 Flow chart of the cross-cultural adaptation steps.
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naire responses were compared with clinical examination
for malocclusion of people with DS and with caregivers’
social condition, assessed by their years of schooling.
Only individuals with DS presenting complete or in-
complete permanent denture were included in clinical
examination. Those that refused to be examined, who
were not present in the institutions at the examination
days and who were undergoing orthodontic treatment
were excluded. From the 157 people with DS, a total of
82 people fulfilled this eligible criterion and were sub-
mitted to clinical examination.
Clinical examination was performed in the institutions.
Dental Aesthetics Index (DAI) recommended by the
World Health Organization-WHO [11] were used for
diagnosing malocclusion. The aesthetic component wasnot applied in this study. The index can be applied to
individuals with complete permanent dentition or with
mixed dentition [10,12].
The examiners were two pediatric dentists (KB and
TC) that used natural light, disposable mouth mirrors
(PRISMAW, São Paulo, SP, Brazil), periodontal probe IPC
(WHO-621, TrinityW, Campo Mourão, PE, Brazil), gauze
and wooden spatula. The examiners participated of a
calibration exercise for malocclusion criteria. Firstly they
were trained with photographs and plaster models. In se-
quence, 22 individuals with DS from one of the entities
were examined and re-examined after a two-week interval
to assess clinical examination agreement. Inter and Intra
examiner agreement for malocclusion was assessed by
ICC and ranged from 0.92 to 0.97 respectively.
Analysis of discriminant validity was performed by
comparing a group composed of participants with DS
and another group consisting of the siblings of the indi-
vidual with DS who had closest in age and did not pre-
sented DS or other alteration. A total of 46 people with
DS and their siblings fulfilled eligible criterion. Care-
givers completed the questionnaire a second time for
controls.
Data analysis
It was performed by Statistical Package for the Social
Sciences software (SPSS for Windows, version 17.0,
SPSS Inc, Chicago, IL, USA) adopting a significance level
of 5%. The internal consistency was assessed by comput-
ing Cronbach’s alpha for the questionnaire and for the
categories. Test-retest reliability was tested by ICC.
Correlations between total score and subscales scores
with malocclusion and with caregivers’ educational level
[13] were verified by Spearman’s correlation coefficient
in order to assess the construct validity of the Brazilian
version of the instrument.
Paired-t test was used to compare the questionnaire
answered by the same caregiver for people with DS and
their controls in order to assess the discriminant validity.
Results
People with DS participating in this study were equally
distributed by sex, 49.0% males and 51.0% females. Their
mean age was 20.7 [±14.1]. Most caregivers were female
(95.3%) and their mean age was 53.1 [±13.7]. Regarding
education, 50.3% of caregivers had 8 or fewer years of
study and 49.7% had more than nine years of study.
The mean scale and subscales scores are presented in
Table 1. Malocclusion values varied from 19 to 123. The
mean DAI score was 44.2 [±19.3], median 40.6. About
14.0% of them did not present orthodontic treatment
need. Other 14.0% presented defined malocclusion,
13.0% severe malocclusion and 57.0% presented very se-
vere or disabling malocclusion.
Table 1 Descriptive analysis of the total scale and subscales (n=157)
Variable Number of Items (score rank) Mean Standard Deviation Median Minimum Maximum
Total scale 20 (0-60) 18.61 9.03 17.00 3 44
Subscales
Eating 4 (0-12) 3.96 3.44 3.00 0 12
Communication 6 (0-18) 6.24 4.23 6.00 0 17
Parafunction 6 (0-18) 5.04 3.08 5.00 0 16
Symptoms 4 (0-12) 3.36 2.52 3.00 0 10
Bonanato et al. Health and Quality of Life Outcomes 2013, 11:4 Page 4 of 7
http://www.hqlo.com/content/11/1/4Reliability
The questionnaire and their subscales achieved an ac-
ceptable to good internal consistence and good test-
retest reliability. Cronbach’s alpha was 0.80 for the total
questionnaire and ranged from 0.50 to 0.80 for the sub-
scales. Test-retest reliability achieved ICC values of 0.88
for the total instrument and ranged from 0.78 to 0.88 for
subscales (Table 2).
Construct validity
The correlation between malocclusion and the question-
naire as a total score and as the subscales ranged from
0.27 to 0.05. The total score of the questionnaire pre-
sented positive and significant correlation with malocclu-
sion. Between the subscales only the “oral symptoms”
presented significant correlation with malocclusion. The
correlation between caregivers’ educational level and
scores of the total questionnaire and scores of subscales
showed that only the “eating” and “parafunction” subscales
did not have a significant correlation. All of the significant
correlations were negative, showing that the best oral
health functioning of DS people was correlated with a
higher educational level (Table 3).
Discriminant validity
Data addressing discriminant validity is presented in
Table 4. It could be observed that there was a significant
difference in the scores of the questionnaire and sub-
scales between people with and without DS.
Discussion
The oral health functioning impairment instrument for







Total scale 20 0.80 0.88 (0.80-0.93)
Subscales
Eating 4 0.72 0.88 (0.79-0.93)
Communication 6 0.70 0.83 (0.71-0.89)
Parafunction 6 0.49 0.78 (0.64-0.87)
Symptoms 4 0.70 0.83 (0.71-0.90)validated instrument to assess the oral health independ-
ently of clinical examination. The Brazilian Portuguese
version of the scale exhibited acceptable reliability and
validity. The validation and adaptation of instruments
related to oral health is important to ensure the compar-
ability and usefulness of research results [7,10,14,15].
To achieve validation it is necessary to follow some
standard recommendations. The basic recommendation
for this process is in this order: translation, committee
approach and back translation [7,10,14-16].
Translation can be performed by two or more profes-
sionals. The inclusion of the third professional as ful-
filled in this study was designed to assess the clinical
importance of the items phrasing that might be of great
importance for eventually distinguishing cases in the
clinical range [10,16].
The back translation process is important to identify and
correct discrepancies that may occur in the translation
process. In this study two back translation versions were
obtained as suggested by Beaton et al. [15]. The participa-
tion of the original instrument’s author increased the as-
sertiveness of the final version in Portuguese language [16].
Questionnaire’s internal consistency was almost equal
to those obtained in the original validation which pre-
sented values of 0.52-0.79. These results are in fact ac-
ceptable as consistency of approximately 0.70 is ideally,
over 0.90 it suggests redundancy and under 0.50 it sug-
gests poor internal consistency [17]. Test-retest reliabil-
ity was considered good and showed similar results with
the original study, where it achieved ICC values of 0.64
to 0.84 [7].
Instrument validity
Construct validity was verified by comparing the instru-
ment scores with clinical examination for malocclusion
because it’s a usual abnormality in people with DS
[1,3-5]. The disharmony between the bones of the face
has a high prevalence in this group [3-5]. Although
malocclusions are rarely life threatening, they can
cause pain, infection, respiratory complications, and
problems with mastication and speech [2-5].
It was expected that parafunction subscale presented
association with malocclusion what did not happen
[3,4]. In regard of this result, it can be observed that
Table 3 Construct validity: rank correlation between total
scale and subscales with malocclusion and caregivers’
educational background
Variable Malocclusiona Caregivers’ schooling
backgroundb
r P-value* r P-value*
Total scale 0.22 0.04 −0.16 0.05
Subscales
Eating 0.12 0.27 0.01 0.86
Communication 0.05 0.68 −0.19 0.02
Parafunction 0.13 0.24 0.03 0.70
Symptoms 0.27 0.01 −0.24 <0.01
a n=82 / b n=151.
**Spearman’s correlation coefficient, significance level of 0.05.
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with habits concerning feeding process, which do not
have an association with malocclusion. Only the items
concerning protruding tongue and grinding teeth could
present relationship with malocclusion [3]. The value of
0.49 Cronbach's alpha of the subscale parafunction
shows that this is a subscale should not be used alone.
This way maybe the parafunction subscale needs to be
correlated with other clinical measures to assure its val-
idity. That only makes sense if used in the complete in-
strument, which showed a value of 0.80, being quite
acceptable.
It was expected that communication subscale was cor-
related with malocclusion as the deformities in the over-
all oral cavity lead DS people to present problems in
their speech development. Due to malformation of the
nasal bones, muscle hypotonia and the large tongue, the
DS people usually keeps his mouth open and the tongue
between his lips [3,4]. Regarding this results it can be
observed that half of the six items concerning communi-
cation subscale deal with speech capability.
Eating capability of DS people is in fact affected by the
reduced production of saliva, the large tongue, the small
oral cavity, oral hypotonia, abnormal tongue movement
and uncoordinated sucking and swallowing. Besides,
other overall health problems will affect their eatingTable 4 Discriminant validity: total scale and subscales’ score
Variable DS (n=46)
Mean (±Standard deviation) Median
Total scale 18.72 (8.48) 17.00
Subscales
Eating 3.52 (3.18) 3.00
Communication 6.22 (4.57) 6.00
Parafunction 5.33 (3.31) 5.00
Symptoms 3.65 (2.54) 3.00
*Paired t-test, significance level of 0.05.capacity, as digestive dismotility [3,4]. Thus the eating
subscale may be influenced by the overall health more
than by the malocclusion severity.
Symptoms subscale presented a significant correlation
with malocclusion although the index is based on aes-
thetic features. It must be noticed that items of this sub-
scale concerns about pain, bleeding gums, bead breath
and the role perception about the oral health. This way,
symptoms subscale was in fact expected to present
correlation with malocclusion, instead its’ aesthetical
feature.
Otherwise, there was a significant correlation between
the instrument total assumed as a scale with malocclu-
sion, proving the construct validity despite the results
for the subscales in separate.
In the original validation study for the English version,
all of the subscales presented no correlation with the
clinical outcomes observed, caries experience and peri-
odontal status. The instrument assumed as a role scale
was not assessed in the Canadian study [7]. This sug-
gests that subscales may not present construct validity in
separate, but only when analyzed as a single measure.
Educational level was selected to be a second variable
aiming to verify the construct validity as social support
influences the overall health of people more than eco-
nomic status [13]. The current study considered years of
schooling (caregivers) as proxies for socioeconomic sta-
tus in the assessment of independent negative impacts
in the instrument. Low educational level may leads to
reduced income, unemployment and poor occupational
status. These conditions influence the health behaviours
and self-rated oral health [1,3,4,10]. The educational
level did not presented association with people with DS
oral health indexes in another study [5]. Results pointed
out that caregivers’ schooling was correlated with the
scale and the subscales communication and symptoms.
It is possible that those aspects are in fact correlated
with educational level [3,4,6]. In conclusion, the con-
struct validity of the overall scale seems to be proved
but for subscales it must be observed with careful.
Probably the weak correlations occurred because the
instrument has very subjective questions and also fors for people with DS and their siblings without DS
Sibling non DS (n=46)
Mean (±Standard deviation) Median P-value*
7.63 (5.39) 6.50 <0.01
1.54 (2.35) 1.00 <0.01
1,24 (2.69) 0.00 <0.01
2.15 (1.86) 2.00 <0.01
2.70 (1.92) 2.00 0.02
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real oral health status of the individual with Down syn-
drome. Moreover, measures with fewer items tend to be
more sensitive to this analysis. The authors of the ori-
ginal instrument have not found high values in the re-
spective correlations [7].
Discriminant validity proved to be valid. The results
proved that the instrument as a scale and the subscales
behaves differently within DS and non-DS individuals.
As in the original study, the Brazilian version of the scale
discriminates the specifically problems of DS people and
the result was similar [7].
There are several limitations in this study that should
be pointed out. First the sample selection could arise
some doubts. Convenience sample increases the possibil-
ity of bias and may lead the sample to be similar in
many aspects. The DS people in the role population may
present different characteristics. There was a greater
range of groups’ age. Thus the caregivers of the oldest
people with DS were not their parents but other people
closest in age, as their brothers. They may not notice
about their health conditions or may have a worst ex-
pectancy compared with the youngest caregivers as the
DS overall heath seems to be improving as their life ex-
pectancy [2,3]. Other limitation of this study is that the
questionnaire is a proxy measure, which not always
represents the real oral health condition [8].
The oral health conditions affect quality of life of all
types of individuals. Thus, check symptoms, functional
limitations, emotional and social wellbeing related to
oral cavity should be considered when evaluating the pa-
tient and the population overall health [6,8,10]. This
scale has an important role in the evaluation of oral con-
ditions of individuals with DS, identifying, through the
report of the caregivers, the impact of oral diseases,
mainly of malocclusion on quality of life in this part of
the population.
Conclusion
Initial validity tests indicated that the instrument related
to the oral health for people with DS may be a valid in-
strument to this segment of the population in Brazil.
Abbreviations
DAI: Dental Aesthetics Index; DS: Down syndrome; ICC: Intraclass Correlation
Coefficient; SPSS: Statistical Package for the Social Sciences; WHO: World
Health Organization.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
KB, IP, TC, AO, PA and SP conceptualized the rationale and designed the
study. KB and TC performed the data collection. KB and IP performed the
statistical analysis and interpretation of the data. KB, AO, SP and PA
conducted the literature review and drafted the manuscript. All authors read
and approved the final manuscript.Acknowledgments
Authors would like to acknowledge Dr. Juliana Braga Reis, Sônia Camarão
and the institutions for their voluntaries participation in this study.
Financial support
This study was supported by the National Council of Technological and
Scientific Development (CNPq), Ministry of Science and Technology, by the
State of Minas Gerais Research Foundation (FAPEMIG) and by Coordination
of Improvement of Higher Education Personnel (CAPES), Brazil.
Author details
1Department of Pediatric Dentistry and Orthodontics, Faculty of Dentistry,
Universidade Federal de Minas Gerais, Av. Antônio Carlos 6627, Belo
Horizonte, MG 31270-901, Brazil. 2Department of Pediatric Dentistry, Faculty
of Dentistry, Universidade Vale do Rio Verde, Rua Gentios 1420, Belo
Horizonte, MG 30380-490, Brazil. 3Department of Social and Preventive
Dentistry, Faculty of Dentistry, Universidade Federal de Minas Gerais, Av.
Antônio Carlos 6627, Belo Horizonte, MG 31270-901, Brazil. 4Division of Public
Health and Society, Faculty of Dentistry, McGill University, 3640 University
Street, Montreal, QC H3A 2B2, Canada.
Received: 5 June 2012 Accepted: 27 December 2012
Published: 11 January 2013
References
1. Allison PJ, Hennequin M, Faulks D: Dental care access among individuals
with Down syndrome in France. Spec Care Dentist 2000, 20:28–34.
2. Oliveira AC, Pordeus IA, Luz CL, Paiva SM: Mothers’ perceptions concerning
oral health of children and adolescents with Down syndrome: a
qualitative approach. Eur J Paediatr Dent 2010, 11:27–30.
3. Oliveira AC, Paiva SM, Campos MR, Czeresnia D: Factors associated with
malocclusions in children and adolescents with Down syndrome. Am J
Orthod Dentofacial Orthop 2008, 133:489e1–e8.
4. Oliveira AC, Pordeus IA, Torres CS, Martins MT, Paiva SM: Feeding and
nonnutritive sucking habits and prevalence of open bite and
crossbite in children/adolescents with Down syndrome. Angle Orthod
2010, 80:749–753.
5. Oredugba FA: Oral health condition and treatment needs of a group
of Nigerian individuals with Down Syndrome. Downs Syndr Res Pract
2007, 12:72–77.
6. Wong DF, Lam AY, Chan SK, Chan SF: Quality of life of caregivers with
relatives suffering from mental illness in Hong Kong: roles of caregiver
characteristics, caregiving burdens, and satisfaction with psychiatric
services. Health Qual Life Outcomes 2012, 10:15.
7. Allison PJ, Lawrence H: Validity of an instrument assessing oral health
problems in people with Down syndrome. Community Dent Health 2005,
22:224–230.
8. Anders P, Davis EL: Oral health of patients with intellectual disabilities: a
systematic review. Spec Care Dentist 2010, 30:101–117.
9. Jokovic A, Locker D, Stephens M, Kenny D, Tompson B, Guyatt G: Validity
and reliability of a questionnaire for measuring child oral-health-related
quality of life. J Dent Res 2002, 81:459–463.
10. Torres CS, Paiva SM, Vale MP, Pordeus IA, Ramos-Jorge ML, Oliveira AC,
Allison PA: Psychometric properties of the Brazilian version of the child
perceptions questionnaire (CPQ11–14)-short forms. Health Qual Life
Outcomes 2009, 7:43.
11. Organization WH: Oral health surveys: basic methods. Geneva: World Health
Organization; 1997.
12. Jenny JJ, Cons NC: Comparing and contrasting two orthodontic indices,
the index of orthodontic treatment need and the dental aesthetic index.
Am J Orthod Dentofacial Orthop 1996, 110:410–416.
13. Bonanato K, Pordeus IA, Moura-Leite F, Ramos-Jorge ML, Vale MP, Paiva
SM: Oral disease and social class in a random sample of five-year-old
preschool children in a Brazilian city. Oral Health Prev Dent 2009,
8:125–132.
14. Guillemin F, Bombardier C, Beaton D: Cross-cultural adaptation of health-
related quality of live measures: literature review and proposed
guidelines. J Clin Epidemiol 1993, 46:1417–1432.
15. Beaton DE, Bombardier C, Guillemin F, Ferraz MB: Guidelines for the
process of cross-cultural adaptation of self-reported measures. Spine
2000, 25:3186–3191.
Bonanato et al. Health and Quality of Life Outcomes 2013, 11:4 Page 7 of 7
http://www.hqlo.com/content/11/1/416. VanWidenfelt BM, Treffers PD, Beurs E, Siebelink BM, Koudijs E: Translation
and cross-cultural adaptation of instruments used in psychological
research with children and families. Clin Child Fam Psychol Rev 2005,
8:135–147.
17. Boyle GJ: Does item homogeneity indicate internal consistency or item
redundancy in psychometric scales? Pers Individ Dif 1991, 12:291–294.
doi:10.1186/1477-7525-11-4
Cite this article as: Bonanato et al.: Cross-cultural adaptation and
validation of a Brazilian version of an instrument to assess impairments
related to oral functioning of people with Down syndrome. Health and
Quality of Life Outcomes 2013 11:4.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
